Factors c ontributing and predisposing to peritonitis were studied retrospectively in 83 children treated with continuous ambulatory (CAPD) or continuous cycling peritoneal dialysis (CCPD) from 1978 to 1988. Recurrent peritonitis was the most frequent complication and the major reason for peritoneal dialysis failure. Fifty patients had 171 episodes of peritonitis during the ten years and 33 remained peritonitis-free. The duration of dialysis was significantly shorter in the peritonitis-free group. The incidence of peritonitis was lower with CCPD than with CAPD. Leucopenia was not a predisposing factor nor was blood leucocytosis helpful in diagnosing peritonitis. Serum IgG was low in 33% of patients with episodes of peritonitis, but there was no correlation or predictive value in this finding. The C3 component of complement was relatively lower than the C4 but both components were usually in the normal range. Serum albumin was low in all patients, but lower in those with peritonitis episodes. Age, sex, primary disease, diapers, pyelostomies, dialysis training, and living conditions were not significantly associated risk factors. Sterile dressings gave no benefit over the shower technique. Patient noncompliance, upper respiratory tract infection, skin infections, and dental treatment were potential risk factors. However, peritonitis seemed to be distributed randomly among the patients.
may grow along the outside of the catheter, cause tunnel infection and contaminate the peritoneal cavity (1) . Although patients with renal failure have heightened susceptibility to infection secondary to both cellular immune suppression and decreased reticuloendothelial function (2, 3) , evidence indicates that not all contamination will result in clinical peritonitis (4) . Host factors, which we do not yet fully understand, appear to come into play in an effort to eliminate invading bacteria.
Normal cellular phagocytic mechanisms are re quired for a properly functioning peritoneum. Adequate concentrations of immunoglobulins and complement in the peritoneal fluid are needed to opsonize bacteria (5) . Opsonin function acts as a ligand, facilitating the attachment of bacteria to the phagocyte surface. Opsonic activity is reduced or absent in the peritoneal dialysis effluent (6) . When the pH of peritoneal dialysis fluid falls below 6.0, the activity of some antibiotics and the complement system are severely compromised (7) . The low pH of the fresh dialysate (5.5) and its increased osmolarity depress phagocytic activity and bactericidal ability of peritoneal cells. Recent experiments have shown that some intracellular bacteria, including Staphylacaccus epidermidis, may survive and grow within human peritoneal macrophages and monocytes even in the presence of extracellular antibiotics. Thus, macrophages may become a reservoir for surviving bacteria from which an infection may recur or persist. Such intraleucocytic sequestration may be important in clinical CAPD peritonitis (8) .
Infections can usually be managed successfully without disrupting peritoneal dialysis. However, in some cases, they cause functional changes in the peritoneal membrane or even complete loss of the peritoneal cavity through the formation of adhesions, necessitating temporary or permanent interruption of dialysis. Occasionally, infections prove fatal.
In an effort to gain a better understanding of the factors involved in the development of peritonitis, we conducted a retrospective study of all patients undergoing peritoneal dialysis at The Hospital for Sick Children (HSC) in Toronto between May, 1978 and April, 1988 .
METHODS
Data on the 83 patients studied and the CAPD training, dialysis techniques, peritonitis treatment protocol, as well as exit site care and infection management were described previously (9) .
BIOCHEMICAL ANALYSES
Leucocyte count was performed by an automated Coulter counter. Immunoglobulins (IgG, IgA, IgM) as well as C3 and C4 components of the complement were measured by the clinical chemistry laboratory by the Beckman Array Protein System. Total protein and albumin were measured by the clinical chemistry laboratory using a Kodak Ektachem 700. The leucocyte count and total serum protein and albumin recorded were those determined at the time of the peritonitis infection episode or the time closest to that particular episode (i.e., within two weeks before or after infection). Other randomized leucocyte and protein values were also documented for each patient during infection-free periods (i.e., not less than six weeks before or after an infection episode).
STATISTICAL ANALYSES
Means and standard deviations (mean &plusmn; 1 SD) were calculated using 2 to 11 values of leucocyte count, protein components of the complement, and immunoglobulins for each patient. A statistical comparison of these values was done for 20 patients. The means of the total values obtained from the time of infection were compared with those observed from the infectionfree period in the same patients and in 20 patients who had no peritonitis episodes. Statistical significance was assessed using the Student's t-test with Bonferroni correction.
RESULTS

PERITONITIS IN CAPD VERSUS CCPD
When results with CAPD and CCPD in the same patients were compared, there was a lower incidence of peritonitis with CCPD ( Table 1 ). The incidence rate for patients who had been on CCPD was also compared with that for all patients whether they stayed on CAPD or switched to CCPD.
DURATION OF CAPD, AGE, SEX, AND DISEASE TYPE
Patients were divided into three groups according to their total number of peritonitis episodes and their corresponding peritonitis incidence rate ( Table 2) . Duration of dialysis was markedly shorter in patients with no peritonitis episodes. The average ages of the patients in the three groups were very similar. The higher number of boys in Group II may be related to the higher number of patients in this group and was not significantly different from the number of girls. The duration of CAPD /CCPD was correlated with the number of peritonitis episodes. Age, sex, and disease type had no influence of the incidence of peritonitis. Table 3 shows the technical aspects of peritoneal dialysis and living arrangements that might be expected to affect the peritonitis rate. Patients with five to 12 episodes of peritonitis demonstrated less compliance with technique and lack of motivation compared with patients who had no peritonitis episodes. The number of helpers (parents, siblings and others) who did bag changes or provided technical care did not affect the incidence of peritonitis. Similarly, sterile dressings versus the shower technique, amount of training time, and living arrangements did not affect the rate of peritonitis in the three groups of patients.
TECHNICAL ASPECTS
UPPER RESPIRATORY TRACT INFECTIONS AND PERITONITIS
Twenty-two episodes of upper respiratory tract symptoms were documented in 16 patients ranging in age from 1.5 and 17 years. Thirteen episodes of upper respiratory tract infections (URTI) were followed by peritonitis within one to five weeks. In the case of nine other URTls, peritonitis had not developed after a period of more than two months.
DENTAL TREATMENT, SKIN INFECTIONS, PYELOSTOMIES AND DIAPERS
Three patients underwent dental treatment and all three developed peritonitis. These three infections due to Streptacoccus viridans developed 13 days to five weeks after the dental procedures (dental cyst resection, extraction).
Eight episodes of gastrostomy tube (G-tube) exit site infection developed in seven patients. In four of these episodes, peritonitis caused by the same organism developed over the following two weeks. In four patients peritonitis did not develop for more than three months after the G-tube site infection. One patient had a skin granuloma which expressed pus that grew S. viridans and was complicated with S. viridans peritonitis.
Three of our patients had pyelostomies. One of these had no peritonitis episodes. The second had three episodes, all of them after the pyelostomy had been closed. The third patient had three episodes of peritonitis within a four-month period on CAPD; none of these episodes was due to gram-negative or ganisms.
Diapers did not seem to predispose patients to an increased number of peritonitis episodes. Of the eight patients in diapers, two had only one gram-negative peritonitis episode; these episodes occurred after 16 and 35 months on CAPD. Another 18-month-old child who underwent CAPD for 12 months, had one infection caused by Escherichia coli. This patient had a temporary colostomy for treatment of Hirschprung's disease.
BLOOD LEUCOCYTE COUNT DURING PERITONITIS AND PERITONITIS-FREE EPISODES
Mean blood leucocyte count values in 20 patients during episodes of peritonitis infection were compared with mean values for the same patients when they were free of infection (Figure 1) . During most episodes of infection, the leucocyte count remained in the normal range for the ages of the patients and there was no significant difference between periods of infection and noninfection in the three age-subgroups (according to the normal range of WBC for age) and the whole group (p = 0.44). Neither leucopenia nor leucocytosis was observed frequently.
SERUM ALBUMIN VALUES IN THE PRESENCE AND ABSENCE OF PERITONITIS
The mean serum albumin values were analyzed for the same patients in the presence and absence of peri tonitis. In most cases, both values were below the normal limit for age. However, most of the values during infectious episodes were much lower than values at noninfectious periods (p = 0.037).
The serum albumin values in patients with no peritonitis episode were compared to those in patients who were infectionfree when tested but did have a history of peritonitis. Most of the values observed in patients who had had episodes of peritonitis were not significantly lower (p = 0.13) than those observed in patients who had no peritonitis episodes at all.
SERUM COMPLEMENTS
The values of C3 and C4 components of complement are shown in Figure 2 . Most are in the normal range, although at the lower limit, particularly the C3 values. They do not differ from values observed in patients with no episodes of peritonitis.
DISCUSSION
Our 10-year experience with CAPD/CCPD in 83 pediatric patients with end-stage renal disease indicates that home peritoneal dialysis is reliable and generally safe (1.2% mortality). Infectious complications were the major disadvantage. Although our overall peritonitis rate of one episode every 8.1 patient months was favorable compared to that reported in other pediatric populations (10-13), significant morbidity occurred. Peritoneal membrane function was lost in two patients. Three patients had 22 episodes of peritonitis; in these cases, poor compliance with home dialysis procedures and poor nutritional status resulted in early transfer to hemodialysis. Catheter replacement was required in 19 patients who had peritonitis.
CCPD was associated with a lower peritonitis rate than CAPD. The same observation has been reported in adults (14) and in children elsewhere (15) . Al though some previous studies (12, 16, 17) have failed to show a significant difference in the peritonitis rate associated with these two modalities the lower incidence observed may be attributable to the increased use of CCPD as the primary dialytic method currently used in our hospital and other pediatric centers. The lower incidence of peritonitis in CCPD compared to CAPD may be due to the reduced number of connections per day, the fact that procedures were carried out at home where there was better environmental control and the involvement of more experienced people since all CCPD patients had previously been on CAPD. Diaz-Buxo (15) suggested that the long diurnal dwell ofCCPD may allow repopulation of the resident macrophage cells and provide a better host immune defense.
We looked at other factors that might predispose or contribute to peritonitis infections and considered the possibility of some patients being at greater risk than others. We found that sex was not related to the incidence of peritonitis, as Nissenson et al. observed in their study of 611 CAPD patients (18) . Although younger patients seem generally to have a poorer outcome, no close association was observed in regard to patient age and peritonitis infection. As Stegman and Berger suggested (19) , the degree of compliance with technique and personal hygiene do not appear to be significant risk factors. However, we and other clinicians empirically agree that patient motivation and social support systems are important for successful home dialysis. We had expected that children in diapers would have a disproportionately higher incidence of infection with gramnegative organisms, but in fact the incidence rate of such infections in our population (13%) was lower than that found at other pediatric centers (20-33%) (12, 20) . Furthermore, our experience with one infant who had a colostomy and another patient with bilateral ureterostomies suggests that these high-risk surgical conditions do not con traindicate CAPD. The colostomy patient had one episode of E cali peritonitis and this occurred on transportation to our hospital. The other patient was on peritoneal dialysis for 9 months, with no peritonitis episodes.
Between 40 and 50% of the upper respiratory tract and skin infection episodes (hands or close to the exit site of the catheter) in our patients were complicated by peritonitis. However, there may have been other patients with upper respiratory tract infections whom we excluded from our study who may have developed peritonitis later. An increased incidence of peritonitis within the 14 days after an upper respiratory tract infection was also suggested by Goodship et al. (21) . However, neither that study nor ours identified patient characteristics or factors that might predict the likelihood of infection or the responsible mechanisms. It is possible that upper respiratory infections may alter the host defense mechanisms needed to overcome bacterial infections. Whether these findings call for any intervention will not be clear until prospective controlled trials have been carried out to confirm these observations and possible mechanisms.
We found that the peripheral blood leucocyte count was not consistently elevated and had no p rognostic or diagnostic value in peritonitis. A similar observation was reported by Vas (22) . In fact, the leucocyte counts observed in our patients with peritonitis episodes were mostly in the normal range, indicating that leucopenia is not a frequently associated finding in peritoneal dialysis and not a predisposing factor .
Protein loss during peritoneal dialysis is well documented, although some contradictory reports still appear. Nolph et al. (23) reported a significant decrease in serum IgG, albumin, and total protein, and Thom son et al. (24) observed that serum albumin fell by an average of 6 g/L within one month of starting CAPD. Rubin et al. (25) found that serum protein concentration fell only in patients with increased frequency of peritonitis. In contrast to these reports, Kaysen and Schoenfeld (26) and others (27, 28) reported that most patients had stable or only slightly reduced serum total protein and albumin levels. It is possible that albumin homeostasis is maintained through decreased catabolism and increased synthesis of albumin.
Albumin values were generally low in our patients. They were particularly low during peritonitis episodes compared to infectionfree periods in patients who had peritonitis episodes and compared to values in patients with no episodes of peritonitis. This suggests that low albumin may be a consequence of the peritonitis or even predispose to peritonitis.
The C4 component of the complement was in the lower normal range as was the C3 component, but both were normal in patients on peritoneal dialysis and there was no difference between patients with and without peritonitis episodes. Rottenbourg et al. (29) demonstrated that C3 levels may even increase and be in the normal range during the initial months of CAPD treatment. This suggests that they act like an acute phase reactant to the intervention of peritoneal dialysis.
The immunoglobulin values in our patients (data not shown) were similar to those reported by Goodship et al. (30) , indicating that there is no significant change in the level of Ig with duration of CAPD. Only one-third of the values in our patients were below the normal range for age.
In conclusion, predisposing factors for peritonitis, the most frequent complication of peritoneal dialysis, were studied. Our experience shows that peritonitis is distributed randomly among patients. While it is more frequent in some patients, others never develop it. We are not certain whether the 3 patients who had dental treatment and developed peritonitis were on any prophylactic antibiotic. However, currently our policy is to use such a preventive measure. Pyelostomy or colostomy are not a contraindication or predisposing factor for peritonitis. Age, sex, diapers, and low serum albumin do not seem to be predisposing factors. Although patients with low motivation and low compliance or with no social support were at in creased risk overall as generally suspected, clinically this may not always be the case for some patients. Some patients continue to have repeated infections in spite of careful sterile technique and absence of recognizable difference in host immune defense.
